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Summary

The guidance in thisreport is for evaluation and treatment of patients with complications from smallpc
vaccination in the preoutbreak setting. Information is also included related to reporting adverse events
seeking specialized consultation and therapies for these events. The frequencies of smallpox vaccine-as
adver se events were identified in studies of the 1960s. Because of the unknown prevalence of risk facto
today's population, precise predictions of adverse reaction rates after smallpox vaccination are unavail
majority of adverse events are minor, but the less-frequent serious adverse reactions require immediate
evaluation for diagnosis and treatment. Agents for treatment of certain vaccine-associated severe adve
reactions are vaccinia immune globulin (VIG), the first-line therapy, and cidofovir, the second-line ther.
agents will be available under Investigational New Drug (IND) protocols from CDC and the U.S Depe
Defense (DaD).

Smallpox vaccination in the preoutbreak setting is contraindicated for persons who have the following

or have a close contact with the following conditions: 1) a history of atopic dermatitis (commonly refer
eczema), irrespective of disease severity or activity; 2) active acute, chronic, or exfoliative skin conditit
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disrupt the epidermis; 3) pregnant women or women who desire to become pregnant in the 28 days afte
vaccination; and 4) persons who are immunocompromised as a result of human immunodeficiency viru:
acquired immunodeficiency syndrome, autoimmune conditions, cancer, radiation treatment, immunosuy
medications, or other immunodeficiencies. Additional contraindications that apply only to vaccination ¢
but do not include their close contacts are persons with smallpox vaccine-component allergies, women'
breastfeeding, those taking topical ocular steroid medications, those with moderate-to-severe intercurre
and persons aged <18 years. In addition, history of Darier diseaseis a contraindication in a potential v
and a contraindication if a household contact has active disease. In the event of a smallpox outbreak, ¢
specific guidance will be disseminated by CDC regarding populations to be vaccinated and specific
contraindications to vaccination.

Vaccinia can be transmitted from a vaccinee's unheal ed vaccination site to other persons by close cont:
lead to the same adver se events as in the vaccinee. To avoid transmission of vaccinia virus (found in th
vaccine) from vaccinees to their close contacts, vaccinees should wash their hands with warm soapy we
hand rubs containing >60% alcohol immediately after they touch their vaccination site or change their
vaccination site bandages. Used bandages should be placed in sealed plastic bags and can be disposed
household trash.

Smallpox vaccine adver se reactions are diagnosed on the basis of clinical examination and history, and
reactions can be managed by observation and supportive care. Adverse reactions that are usually self-|
include fever, headache, fatigue, myalgia, chills, local skin reactions, nonspecific rashes, erythema mult
lymphadenopathy, and pain at the vaccination site. Other reactions are most often diagnosed through ¢
history and physical and might require additional therapies (e.g., VIG, a first-line therapy and cidofovir
line therapy). Adverse reactions that might require further evaluation or therapy include inadvertent in
generalized vaccinia (GV), eczema vaccinatum (EV), progressive vaccinia (PV), postvaccinial central r
system disease, and fetal vaccinia.

Inadvertent inoculation occurs when vaccinia virusis transferred from a vaccination site to a second Ic
the vaccinee or to a close contact. Usually, this condition is self-limited and no additional care is neede
Inoculations of the eye and eyelid require evaluation by an ophthalmologist and might require therapy \
topical antiviral or antibacterial medications, VIG, or topical steroids.

GV ischaracterized by a disseminated maculopapular or vesicular rash, frequently on an erythematous
which usually occurs 6--9 days after first-time vaccination. This condition is usually self-limited and ber
although treatment with VIG might be required when the patient is systemically ill or found to have an |
Immunocompromising condition. Infection-control precautions should be used to prevent secondary tra
and nosocomial infection.

EV occurs among persons with a history of atopic dermatitis (eczema), irrespective of disease severity
and isalocalized or generalized papular, vesicular, or pustular rash, which can occur anywhere on the
a predilection for areas of previous atopic dermatitis lesions. Patients with EV are often systemically il
usually require VIG. Infection-control precautions should be used to prevent secondary transmission an
nosocomial infection.

PVisarare, severe, and often fatal complication among persons with immunodeficiencies, characteriz
painless progressive necrosis at the vaccination site with or without metastases to distant sites (e.g., ski
and other viscera). This disease carries a high mortality rate, and management of PV should include ag
therapy with VIG, intensive monitoring, and tertiary-level supportive care. Anecdotal experience sugge
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despite treatment with VIG, persons with cell-mediated immune deficits have a poorer prognosis than t
humoral deficits. Infection-control precautions should be used to prevent secondary transmission and ni
infection.

Central nervous system disease, which includes postvaccinial encephal opathy (PVE) and postvaccinial

encephalomyelitis (or encephalitis) (PVEM), occur after smallpox vaccination. PVE is most common ar
infants aged <12 months. Clinical symptoms of central nervous system disease indicate cerebral or cere
dysfunction with headache, fever, vomiting, altered mental status, lethargy, seizures, and coma. PVE a
are not believed to be a result of replicating vaccinia virus and are diagnoses of exclusion. Although no
therapy exists for PVE or PVEM, supportive care, anticonvulsants, and intensive care might be require

Fetal vaccinia, resulting from vaccinial transmission from mother to fetus, isa rare, but serious, compl
smallpox vaccination during pregnancy or shortly before conception. It is manifested by skin lesions an
involvement, and often resultsin fetal or neonatal death. No known reliable intrauterine diagnostic test
available to confirm fetal infection. Given the rarity of congenital vaccinia among live-born infants, va
during pregnancy should not ordinarily be a reason to consider termination of pregnancy. No known in
exists for routine, prophylactic use of VIG in an unintentionally vaccinated pregnant woman; however,
should not be withheld if a pregnant woman devel ops a condition where VIG is needed.

Other less-common adver se events after smallpox vaccination have been reported to occur in temporal
association with smallpox vaccination, but causality has not been established. Prophylactic treatment v
not recommended for persons or close contacts with contraindications to smallpox vaccination who are
inadvertently inoculated or exposed. These persons should be followed closely for early recognition of &
reactions that might develop, and clinicians are encouraged to enroll these personsin the CDC registry
the Clinician Information Line at 877-554-4625.

To request clinical consultation and IND therapies for vaccinia-related adverse reactions for civilians, -
your state health department or CDC's Clinician Information Line (877-554-4625). Clinical evaluation
available at http://www.bt.cdc.gov/agent/small pox/vaccination/clineval. Clinical specimen-collection gt
available at http://www.bt.cdc.gov/agent/small pox/vacci nation/vaccinia-specimen-collection.asp. Physi
military medical facilities can request VIG or cidofovir by calling the U.S. Army Medical Research Insti
Infectious Diseases (USAMRIID) at 301-619-2257 or 888-USA-RIID.

I ntr oduction

Smadlpox vaccine is made from live vaccinia virus and protects againg the disease smalpox. It does not contair
virus, the causative agent of smallpox (1). Because vird replication and shedding occurs at the vaccination site (
2--5 days postvaccination), unintended transmisson is possible from the time immediatdly after vaccination unti
separates from the skin (approximately 2--3 weeks) (2). Although virus exigs in the scab, it isbound in thefibr
matrix, and the scab is not believed to be highly infectious. Vira shedding might be of shorter duration among r
(2,3). During the smallpox eradication era, transmisson usudly required close interaction and occurred most of
home (4) (see Transmission of Vaccinia Virus, see Preventing Contact Transmission).

Worldwide, different vaccinia strains have been used for production of smallpox vaccine, but al U.S. vaccine fi
contain the New Y ork City Board of Headth (NY CBOH) vaccinia strain. This strain has been reported to be ¢
reactogenic (i.e,, it causes fewer adverse events) than other strains (1). U.S. Nationd Pharmaceutical Stockpil

stores of smallpox vaccine include two previously manufactured calf-lymph - derived vaccines, Dryvax® (Wyel
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Laboratories Inc., Marietta, Pennsylvania), and Aventis Pasteur vaccine (Swiftwater, Pennsylvania); and two ni
devel oped vaccines from Acambis/Baxter Pharmaceuticals (Cambridge, Massachusetts), ACAM 1000, which i
human embryonic lung cell culture (MRC-5), and ACAM2000, which is grown in African green monkey cdlls
cells) (CDC Drug Services, unpublished data, 2002). Prospective studies are under way to determine the react
the newer cdl culture vaccines. Dryvax is the vaccine used in the current U.S. smdlpox vaccination effort. CDC
other vaccines in reserve (5).

Smadllpox vaccination in the preoutbresk setting is contraindicated for persons who have the following conditior
close contact with the following conditions: 1) a history of atopic dermatitis (commonly referred to as eczema),
of disease severity or activity; 2) active acute, chronic, or exfoliative skin conditions that disrupt the epidermis;
women or women who desire to become pregnant in the 28 days after vaccination; and 4) personswho are
Immunocompromised as a result of human immunodeficiency virus or acquired immunodeficiency syndrome, au
conditions, cancer, radiation trestment, immunosuppressive medications, or other immunodeficiencies. Additior
contraindications that apply only to vaccination candidates but do not include their close contacts are personsw
amadlpox vaccine-component alergies, women who are breastfeeding, those taking topical ocular steroid medi
those with moderate-to- severe intercurrent illness, and persons aged <18 years. In addition, history of Darier ¢
contraindication in a potentia vaccinee and a contraindication if a household contact has active disease. In the ¢
smdlpox outbreak, outbreak- specific guidance will be disseminated by CDC regarding populations to be vacc
specific contraindications to vaccination.

Normal Vaccination Progression

Smdlpox vaccine is administered by using the multiple- puncture technique with a bifurcated needle (6). The va
replicates in the dermis of the skin; 3--5 days later, a papule forms at the vaccination Ste of immunocompetent
naive persons (also referred to asfirgt-time or primary vaccinees) (1). The papule becomes vesicular (gpproxin
5--8), then pustular, and usudly enlarges to reach maximum size in 8--10 days. The pustule dries from the cen
and forms a scab that separates 14--21 days after vaccination, usually leaving a pitted scar (Figures 1--3).

Formation by days 6--8 postvaccination of a papule, vesicle, ulcer, or crusted lesion, surrounded by an area of
sgnifies aresponse to vaccination; this event isreferred to asamgor reaction or atake, and usudly resultsin
During the smallpox eradication era, persons with vaccination scars had much lower attack rates when exposa
smallpox cases than did nonvaccinated persons. Therefore, atake has been a surrogete correlate of immunity t
Although the level of antibody that protects against smdlpox infection is unknown, >95% of firg-time vaccinee
persons receiving their first dose of smalpox vaccine) have increased neutrdizing or hemagglutination inhibition
titers (7).

Inter preting Vaccination Results

Vaccination-ste reactions are classified into two categories: mgor reactions and equivoca reactions (1). A ma
indicates a successful vaccine take and is characterized by a pustular lesion or an area of definite induration or ¢
surrounding a central lesion, which can be a scab or an ulcer. All other responses are equivocal reactions and ¢
nontakes. Equivoca reactions can be caused by suboptima vaccination technique, use of subpotent vaccine, ol
vacciniad immunity among previoudy vaccinated persons. Persons with equivocd reactions cannot be presume
immune to smallpox, and revaccination is recommended (Figures 4 and 5).

The World Health Organization (WHO) has recommended that response to vaccination be evauated on postvi
day 6, 7, or 8 (1). These are the days of peak vira replication, and the period during which take should be ass
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both firg-time vaccinees and revaccinees. If the response to vaccination is evauated too early (e.g., <6 days
postvaccination), certain equivoca responses will 10ok reactive because of dermd hypersensitivity to vaccinia
These reactions are sometimes referred to as immediate reactions but are not successful takes. If the response
vaccinaion is evauated too late (e.g., >8 days postvaccination), the vaccination take might be missed among p
prior immunity to vacciniawho might experience a more rgpid progresson of the vaccination Ste. Responses a
revaccinees that resolve in <6 days are sometimes referred to as accelerated reactions and are not successful t

Expected Range of Vaccine Reactions

A range of expected reactions occurs after vaccination. These norma reactions do not require specific treatmel
include fatigue, headache, myagia, regiond lymphadenopathy, lymphangitis, pruritis, and edema at the vaccina
well as satdlite lesons, which are benign, secondary vaccinid lesions proximd to the central vaccination lesions
(Wyeth Laboratories. Dryvax [package insert]. Marietta, PA: Wyeth Laboratories, 1994).

Higtoricaly, 21% of reactions associated with firg-time vaccination caused the vaccinee to consult aphysician
recent vaccination trial was conducted among 680 adults, al of whom were firgt-time vaccinees (10). During tt
after vaccination, dl reported having >1 of the following symptoms at some point: fatigue (50%), headache (4C
aches and chills (20%), nausea (20%), and fever, defined as atemperature >37.7°C or 100°F (10%). Symptor
was not reported. The mgority of local symptoms were reported during the second week after vaccination anc
pain at the vaccination site (86%), and regiond lymphadenopathy (54%). Approximately one third of vaccinee
aufficiently ill to have trouble degping or to miss school, work, or recreationd activities. Smilar findings are re
the CDC Smdlpox Diary Card Database, a reporting system of postvaccination symptoms among 633 vaccine
received smdlpox vaccine during 2001--2002 (CDC, unpublished data, 2001--2002). In this series, postvacc
3--7 were the days when the mgority of vaccinees (78%) reported their symptoms. In both series, symptoms:
limited and required only symptométic care.

During the smallpox eradication era, fever after vaccination occurred fregquently but was less common among a
children (CDC, unpublished data). For adults, fever is more frequently noted among first-time vaccineesthan
(NIH, unpublished data, 2003). In one vaccination series involving children, approximately 70% experienced >
temperatures >100°F during the 4-- 14 day's after primary vaccinaion (7), and 15%--20% of children experier
temperatures >102°F. After revaccination, 35% of children experienced temperatures >100°F, and 5% experit
temperatures of >102°F (11).

Satellite lesons occasondly occur at the perimeter of the vaccination Ste and should not be confused with the «
discrete vesicles that might coalesce into a central pox-like lesion. Satellite lesons are a benign finding, do not 1
treatment, and should be cared for as vaccination stes. (Figure 6).

L arge Vaccination Reactions and Robust Takes

Large vaccination reactions (i.e, >10 cm in diameter) at the Site of inoculation occur in gpproximately 10% of 1
vaccinees and are expected variants of the typica evolution of the vaccination Ste (10). However, sometimes t
vaccination reactions have been reported as adverse events and misinterpreted as cdlulitis, requiring antibiotic
In the 1968 national surveillance of the United States for smallpox vaccine complications, 13 of 572 adverse e
were for unusudly large and painful robust takes (RTs) (9,12) (Figures 7 and 8).

Bacterid infection of the vaccination site is uncommon but affects children more often than adults, because chili
more likely to touch and contaminate their vaccination sites. In a 1963 U.S. national survey, 433 complications
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reported amnong 14 million smalpox vaccinees, of these, two were secondary bacteria infections of the vaccine
(13). One case resolved without sequelae, whereas the other resulted in anonfatal case of acute streptococcal

glomerulonephritis. Other reports describe the occurrence of bacterid infection at the vaccination Ste, but do r
details regarding the causative organisms (9,12). Specimens for bacteria cultures can be obtained by usng swi
aspiraion. Gram gains can detect norma skin floraand are useful only when unusud pathogens are present. If

antibacterid therapy is administered, thergpy should be adjusted after the bacterid pathogen and its sengitivitie
antibacterid medications are known.

Identifying RTs

Differentiating an RT from bacterid cdlulitis can be difficult. RTs occur 8--10 days postvaccination, improve w
hours of peak of symptoms, and do not progress clinically. Fluctuant enlarged lymph nodes are not expected a
further evauation and trestment. In contrast, secondary bacterid infections typicaly occur within 5 days of vac
>30 days postvaccination, and unless treated, the infection will progress (14--16). Theinterva of onset to peak
isthe key factor in diagnosing RTs. Fever is not hdpful in distinguishing RTs from bacterid cdlulitis becauseiit i:
expected immunologic response to vaccinia vaccination.

When an RT is suspected, management includes vigilant observation, patient education, and supportive care thi
rest of the affected limb, use of oral nonaspirin analgesic medications, as well as ora antipruritic agents. Salves
ointments, including topical steroids or antibacterial medications, should not be gpplied to the vaccination Ste.

During 2001, CDC daff vaccinated 191 federd public hedth smallpox response team members; 9 vaccinees (!
case definition for an RT, with an area of redness >7.5 cm with swelling, warmth, and pain &t the vaccination s
unpublished data, 2002). Six vaccinees with RTs were treated for suspected bacteria cdlulitis. Three affected
did not seek medical care and, therefore, did not receive antibiotic therapy. All affected vaccinees reported pei
symptoms 8--10 days after vaccination and improvement of symptoms within 24--72 hours whether they were
with antibacterid medications. Cases did not cluster by age, sex, vaccination status, or vaccine lot number.

To edtimate an estimated rate of RTs, CDC gtaff conducted alimited survey and determined rates of 2% (2 of
persons) and 16% (13 of 80) (CDC, unpublished data, 2001). The different rates between clinics might be cal
different methods of case ascertainment. However, both clinics reported that irrespective of antibiotic therapy,

peaked on postvaccination day 8--10, and improved within 24--72 hours. Antibacterial medications did not &
duration or lessen the severity of symptoms.

Transmission of Vaccinia Virus

Vaccinia can be trangmitted from a vaccineg's unheded vaccination Site to other persons by close contact and «
the same adverse events as in the vaccinee. Cases arisng from contact transmission have resulted in elther ecze
vaccinatum (EV) or inadvertent inoculation, and these cases occurred gpproximately 5--19 days after suspecte
to the index case (17). In addition, two cases have been reported of contact transmission, which resulted in fete
(18,19) (see Fetd Vaccinia).

No data exist to indicate that vaccinia transmission occurs by aerosolization (17). Although one study reported
recovery of the vaccinia virus from the oropharynx of children receiving other vaccine strains (20), droplet infec
been epidemiologicaly implicated in transmisson of vaccinia. In one unpublished study in the 1960s (J. Michae
M.D., formerly Director, Smalpox Eradication Program, Communicable Disease Center, persond communice
researchers were unable to recover the NY CBOH vacciniastrain from the nasal swabs of hedlthy vaccinees. T
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of contact vacciniaand the link to direct physical contact indicate that aerosol transmission does not occur. The
transmission of contact vacciniain the 1960s occurred in the range of 2--6/100,000 firgt-time vaccinations (4);
control precautions should be taken to reduce this likelihood (21).

Preventing Contact Transmission

Correct hand hygiene prevents the mgority of inadvertent inoculations and contact transmissons after changing
or other contact with the vaccination ste (21). The vaccination Site can be |eft uncovered or covered with apo
bandage (e.g., gauze) (6).

Preventing Contact Transmisson Among Health-Care Workers

To prevent nosocomia transmission of vacciniavirus, hedth-care workers when involved in direct patient care
keep their vaccination stes covered with gauze or asmilar materid to absorb exudates that contain vaccinia. T
should be covered with a semipermesble dressing to provide a barrier to vacciniavirus. Using a semipermegbl¢
aoneis not recommended because it might cause maceration of the vaccination Site and prolong irritation and it
which subsequently leads to increased touching, scratching, and contamination of hands. If maceration of the ve
gte occurs, the leson should be |eft open to air to alow the vaccination Ste to dry during a period that includes
contact with patients or other persons. The vaccination site should be covered during direct patient care until tt
separates (21). Adminigtrative leave should be considered for hedth-care workers who are unable to adhere tc
recommended infection-control measures, which require that vaccination sites be covered during patient care d

Preventing Contact Transmission in Other Settings

Transmisson of vacciniais aso possblein other settings when close persond contact with children or other pe
occurs. In these stuations, the vaccination site should be covered with gauze or asimilar absorbent materid, an
deeved clothing should be worn. Careful atention should be paid to handwashing (21), which should be done?
warm water or hand-rub solutions that are >60% a cohol-based. Higtorically, the home was the setting where t
of contact transmission occurred (4), presumably because of intimate contact and relaxed infection-control me

Recognizing Vaccinia Virus Transmission

When evaduating askin or other condition congstent with vaccinia, a history of smalpox vaccination and expos
household or close contact who has been vaccinated recently will often provide a source of the virus. A history
exposure to vacciniamight be difficult to obtain. A person might have had an inadvertent exposure and be unav
being exposed to vacciniavirus, and rarely, persons have been deliberately inoculated by others as away to ve
outside the approved vaccination programs (and possibly unwilling to acknowledge this exposure to vaccinia).
case, dlinicians should obtain a thorough medica history, including possible vaccinia exposure and risk factors f
vaccine-related adverse reactions. Clinicians should counsel these patients regarding appropriate infection-cont
measures, care of their lesons, and when appropriate, the infectious risks incurred through deliberate inoculatic
Follow-up of the patient and administration of gppropriate trestment are critica if avacciniarelated adversere
develops. In addition, these patients might be at increased risk for infection from bloodborne pathogens, and th
be counseled and treated appropriately.

Adver se Reactions*

Adverse reactions caused by smallpox vaccination range from mild and self-limited to severe and life-threstenir
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(9,12,13,22,23). Certain smdlpox vaccine reactions are Smilar to those caued by other vaccines (e.g., high fe\
anaphylaxis, and erythema multiforme [EM]). Other adverse reactions specific to smalpox vaccination include
inoculation, ocular vaccinia, generdized vaccinia (GV), EV, progressive vaccinia (PV), postvaccinia encephalc
(PVE) and encephdomysdlitis (PVEM), and feta vaccinia. Vaccinia-specific complications can occur among Ve
their contacts who have been inadvertently inoculated with vaccinia (3,7,24--26).

The information regarding adverse events presented in this report is primarily based on reports from the 1960s.
the vaccine remains unchanged, supportive care and thergpeutic care options have improved. The U.S. popula
a0 changed and now has a higher proportion of persons with contraindications to smallpox vaccination and w
increased risk for adverse reactions. This group includes persons with atopic dermatitis (commonly referred to
or persons who are immunocompromised as aresult of cancer, radiation, autoimmune conditions, immunosupf.
thergpies, or immune deficiencies (e.g., human immunodeficiency virus [HIV] or acquired immunodeficiency sy
[AIDS)]). Updated reports regarding the frequency of adverse reactions will be disseminated by CDC as data |
avaladle.

Thisguidance isfor evauation and treetment of patients with complications from smallpox vaccination administi
during preoutbresk stuations. In the event of asmallpox outbreak, consdering smalpox disease will be necess
differentid diagnosis of any recently vaccinated person who has an acute, generdized, vesicular, pustular rash il
adetermination is made regarding whether the rash is early smalpox disease or an adverse reaction to smalpao:
these patients should be presumed to be highly infectious and placed in contact and respiratory isolation immed
Appropriate locdl, Sate, and federd hedth and security officials should be contacted (5).

Treatments available for specific complications of smallpox vaccination include vacciniaimmune globulin (VI1G)
and ophthamic antiviras (see Ocular Vaccinid Infections and Therapy). None of these therapies have been tes
controlled clinical tridsfor efficacy againg vaccinid infection. However, because worldwide historical experien
using VIG to treat vaccinia-related adverse events exigts, it is the firg-line therapy. It is available in intravenous
intramuscular (IM) preparations under Investigational New Drug (IND) protocols through CDC and the U.S. |
of Defense (DoD). Cidofovir isan antivird medication licensed for trestment of cytomegaovirus (CMV) retiniti
patients with AIDS. Cidofovir has been demondrated to be nephrotoxic among humans and carcinogenic amor
Cidofovir has never been used to treat vacciniainfections among humans. In anima models, cidofovir apparent
againgt subsequent orthopoxvirus growth, if administered within 24 hours after experimenta inoculation (27). H
sudies have demondrated it to have an effect on orthopoxvirus infection after infection has been fully establishe
avallable under IND protocols from CDC and DoD and should be considered second-line therapy for vaccinie
complications (see Treatments).

Frequencies of Adver se Reactions

Two primary sources are available regarding the frequency of adverse reactions from NY CBOH smalpox vac
1968 U.S. nationd survey (12) and the 1968 10-state survey (9) (Table 1). These two studies used different
methodologies, but are complementary. In the nationa survey, information was gathered from seven nationwid
The mgority of the information concerning adverse reactions came from the American Red Cross VIG-digtribu
system. Reactions that did not require use of VIG and those for which VIG use was not warranted were less il
reported through this system. The nationa survey statistics should be considered minimal estimates of therisks'
smadlpox vaccination. In the 10-gate survey, clinicians were actively contacted and urged to report al adverse
including those considered |ess severe. For this reason, the 10-state survey data probably present a better estir
number of persons having adverse reactions. The range of frequencies for these two studies provides an estime
frequencies of adverse reactions that might be expected today (28) (Table 1).
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A review of vaccinia-related deaths (68) during a 9-year period (1959--1966 and 1968) reveded that deaths
among firg-time vaccinees as aresult of PVE (52%; 36 cases) and PV (28%; 19 cases) and among contacts
EV (18%; 12 cases) (23).

The gtrain of vaccinia virus might correlate with the type and frequency of adverse reactions (1,12). All U.S. pr
of smallpox vaccine contain the NY CBOH grain, one of the less reactogenic strains (1). Therefore, the U.S. e
might not represent internationa experience, which reflects use of other vacciniastrains. Virulence of vaccinias
associated with risk for PVE and PVEM, aswell as the likelihood of contact transmission (1,4,17).

Anticipated Adver se Reactions

Adverse reaction rates in the United States today might be higher than those previoudy reported because the p
of persons at risk for adverse eventsis higher as aresult of cancer, cancer therapy, radiation, immunomodulatir
medications, organ transplantation, and other illnesses (e.g., HIV/AIDS and eczema or atopic dermatitis). Adv
reactions might be better than previoudy expected because of advancesin medica care. Ratesfor dl adversel
are lower for persons previoudy vaccinated (4). During the smalpox eradication era, gpproximately two thirds
complications after smalpox vaccinaion might have been preventable and might have been avoided with better
(13,29). However, screening will not diminate risk, because the risk factors for certain adverse reactions have
clearly defined and screening successis subject to recall bias and the participant's willingness to disclose persor
information. Stringent medical screening of potentid vaccinees for risk factors for adverse events, coupled with
infection-control measures to prevent vaccinia transmission, will probably decrease preventable complications «
vaccindion.

Common Adver se Reactions
Local Skin Reactions

Loca skin reactions can occur after smalpox vaccination. These include alergic reactions to bandage and tape
RTs, and less commonly, bacterid infections of the vaccination site (4). Reactions to adhesives usudly result in
demarcated lines of erythemathat correspond to the placement of adhesive tape (Figures 9 and 10). Petientsh
pruritis but no systemic symptoms and are otherwise well. Frequent bandage changes, periodicaly leaving the
dte open to ar, or a change to paper tape might dleviate symptoms. Care should be used to vary the positionit
or bandages. This condition is salf-limited and resolves when bandages are no longer needed. Topica and oral
trestment for this reaction should be avoided because the Site contains live vaccinia virus. Salves, creams, or oil
including topical antibacterid medications, should not be applied to the vaccination Site.

Nonspecific Rashes

Common nonspecific rashes associated with smalpox vaccination include fine reticular maculopapular rashes, |y
stresking, generdized urticaria, and broad, flat, roseolalike erythematous macules and patches (Figurell). Th
are believed to be caused by immune response to vaccination and do not contain vaccinia. Erythematous or urt
rashes can occur approximately 10 days (range: 4--17 days) after fird-time vaccination. The vaccineeis usual\
and the rash resolves spontaneoudy within 2--4 days (8). Nonspecific rashes are usudly sdlf-limited. These pe
gppear well and benefit from smple supportive care measures (e.g., ord anti-antihistamine agents).

Dermatologic Manifestations of Hyper sensitivity Reactions
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EM, sometimes referred to as roseola vaccinia or toxic urticaria, might gppear as different types of lesons, inclt
macules, papules, urticaria, and typical bull's-eye (targetoid or iris) lesions (8,30). Because the number of dinic
descriptions of vaccinia-associated EM rashesis limited, the following details are extrapolated from common d
of EM occurring after herpes smplex or mycoplasma infections. The halmark target leson of EM associated v
infections usualy appears with a central, dark papule or vesicle, surrounded by apae zone and ahao of erythe
within 10 days after vird infection (30). The limited clinical descriptions of EM after smalpox vaccination indic
followsasmilar course (8). The rash of EM might be extremely pruritic, lasting <4 weeks, and patients benefit
adminidration of ord antipruritics (30) (Figure 12).

Less commonly, hypersensitivity reactions can gppear as amore serious condition, Stevens-Johnson syndrom
can dso aise from EM and typicdly includes systemic symptoms with involvement of >2 mucosal surfaces (31
body surface area. This condition requires hospitaization and supportive care (30) (Figure 13).

Therole of systemic steroids for treatment of SIS is controversia; therefore, the decison to administer systemi
to patients with postvaccinia SIS should be made after consultation with specidistsin this area (e.g., dermatolc
immunologigts, or infectious disease specidists), according to the prevailing stlandard of care. VIG isnot used t
nonspecific rashes, EM, or SJS, because these lesions are probably a manifestation of a hypersenstivity reacti
not believed to contain vaccinia virus.

Vaccinia-Specific Adver se Reactions

The following guidance related to recognizing, evaluating, and treating smallpox vaccine-related adverse reactic
2).

Inadvertent I noculation

Inadvertent inoculation is a common but avoidable complication of smallpox vaccination (9,22). Inadvertent inc
occurs when vacciniavirusis transferred from a vaccination Site to a second location on the vaccinee or to acl
The most common stes involved are the face, eyelid, nose, mouth, lips, genitdia, and anus (Figure 14). Among
Immunocompetent persons, lesons follow the same course as the vaccination Ste.

Cliniciansin the smalpox eradication era observed that when inadvertent inoculation of a vaccinee occurred cli
time of vaccination, the resulting secondary lesons matured at the same pace as the central lesion of the vaccini
contragt, lesons from inadvertent inoculation that occurred >5 days postvaccination agppeared attenuated, whic
that the developing immune response might limit the reaction (J. Michael Lane, M.D., formerly Director, Smallf
Eradication Program, Communicable Disease Center, personal communication, 2002) (22).

A primary prevention sirategy to avoid inadvertent inoculation is to ingruct vaccinees and their close contactst
touching or scratching the vaccination site from the time of vaccination until the scab separates. In addition, vigil
handwashing with sogp and warm water or hand rubs containing >60% acohal, after touching an unheded vac
or changing avaccindion dressing is critica. Lesons from an inadvertent inoculaion contain live vaccinia virus,
same contact precautions necessary for a vaccination site are necessary for these secondary lesions. Persons at
risk for inadvertent inoculation are younger persons (e.g., children aged 1--4 years) and those with disruption ¢
epidermis.

Periocular and ocular implantation (heresfter referred to as ocular vaccinia disease) accounted for the mgority
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inadvertent inoculations and were often noted within 7--10 days of vaccination among fird-time vaccinees (22,
vaccinia disease can occur in different forms, including blepharitis (inflammeation of the eydid), conjunctivitis, k«
(inflammation of the cornea, indluding epithdid and stromd forms), iritis, or combinations thereof (33) (Figures
When evauating a patient with the new onset of ared eye or periocular vesicles, vacciniainfection should be ¢
and history of recent vacciniaexposure (e.g., Smallpox vaccination or close contact with avaccine recipient) &
sought. The god of thergpy of ocular disease is to prevent complications, including corned scarring associated
keratitis (Figures 17 and 18), and the patient should be comanaged with an ophthamologist. In alimited study
keratitis among rabbits, 1 dose of VIG did not dter the clinical course, but rabhits trested with 5 daily doses (
that recommended for humans) developed larger and more persistent cornedl scars, compared with control ani
The 2001 Advisory Committee on Immunization Practices (ACIP) recommendation states that VIG is contrair
patient with vaccinia kerditis (6). However, in November 2002, this recommendation was reevauated and mc
the Public Hedlth Service (see Ocular Vaccinid Infections and Therapy). VIG should not be withheld if acomc
condition exigts that requires adminigtration of VIG (e.g., EV or PV) and should be considered for severe ocul
except isolated keratitis. In these Stuations, VIG should be administered if the risk of the comorbid condition is
than the potentid risk of V1G-associated complications of keratitis (See Ocular Vaccinia Infections and Therg

Uncomplicated inadvertent inoculation lesions are sdf-limited, resolving in gpproximately 3 weeks, and require
If extensve body surface areaisinvolved, or severe ocular vacciniainfection (without keratitis) (Figure 19), or
manifestation of inoculation has occurred, treatment with VIG can speed recovery and prevent spread of dises

Ocular Vaccinial Infectionsand Therapy

Ocular vaccinid infections account for the mgority of inadvertent inoculations. However, data upon which to k
treatment recommendations are limited. Published reports of treatment of human infections are predominantly ¢
reports concerning clinica experience with older antivird drugs (e.g., idoxuridine [IDU] or interferon) or VIG.

studies did not employ the prospective, randomized, double-blinded, controlled trids that are now standard; cli
and follow-up information are often variable (35--38). None of the available topica ophthamic antivira agents
studied among humans with ocular vaccinia disease, except in one case report, where vidarabine was apparent
to IDU in tresting blepharoconjunctivitis (38). Prophylaxis of the corneawith topica antivird drugs is common

ophthalmologic practice in treating ocular herpes smplex and varicdla- zogter infections (33). Therapiesthat ha
conddered for trestment of ocular vaccinia infections include topica ophthamic antivira drugs (trifluridine [Vir
King Pharmaceuticals, Inc., Bristol, Tennessee] and vidarabine [Vira-A,® King Pharmaceuticals, Inc., Bristol,

Tennesseg]) and parenterd VIG. Trifluridine and vidarabine are not approved by the Food and Drug Administi
(FDA) for trestment of vaccinia disease, athough the product labels for trifluridine and vidarabine state that the
in vitro and in vivo activity againg vacciniavirus. Vidarabine is no longer being manufactured, but supplies migt
availablein certain aress.

Among humans with GV and EV, VIG treatment decreases Sze and limits extension of vaccinia lesons within
hours. Consequently, VIG has been considered ameans to prevent spread of facia vacciniato the eye and spr
ocular vacciniawithout cornedl involvement. No evidence exigsthat VIG is effectivein tregting vaccinid infecti
cornea (i.e, vaccinia keratitis).

Casereports exist of human patients with vaccinid kerdtitis not treated with VIG who gpparently experienced
sequelae (including cornedl scarring and disciform edema) than described in case reports where VIG therapy v
(35,39--41), aswdl as a case report concerning use of VIGIM in treating vaccinid kerditisin which corned
not develop (41). Case reports indicated efficacy of VIGIM in treating vaccinia blepharoconjunctivitis and blg
(32,40,42). To discuss trestment options for ocular vaccinia, CDC convened a meeting of ophthalmology and i
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disease consultants in November 2002. On the basis of available data and input from these consultants, thisregy
the following guidance for dinicians

o Suspected ocular vacciniainfections should be managed in consultation with an ophthalmologist to ensure at
and accurate eye evauation, including a dit-lamp examination, and the specialized expertise needed to manage
vison-threatening disease.

« Although vaccine splashes to the eye occur rarely because of the viscosity of smalpox vaccine, these occurr
should be managed by immediate eye-washing with water (avoid pressure irrigation, which can cause corned ¢
and abasdine evauation by an ophthamologi<. In this Situation, off-labd prophylactic use of topica ophthami
or vidarabine has been recommended by ophthamologists (CDC, unpublished data, 2002). Further treatment r
be necessary.

o Off-labd use of topica ophthamic trifluridine or vidarabine has been recommended by certain ophthalmol o
unpublished data, 2002) and can be considered for treatment of vaccinia infection of the conjunctiva or cornea
Prophylactic thergpy with these drugs might aso be considered to prevent spread to the conjunctiva and corne
lesions are present on the eyelid, including if near the lid margin, or adjacent to the eye. The potentid benefits c
drugs for prophylaxis should be balanced againgt the minima but potentia risk of drug toxicity and of introducir
the eye by frequent manipulation.

o Topicd antiviras should be continued until al periocular or lid lesons have heded and the scabs have fdlen
that topical trifluridine usudly is not used for >14 days to avoid possible toxicity. When used for >14 days, triflt
lead to superficid punctate keratopathy, which resolves on discontinuation of the medication. Topical vidarabin
preferable for use among children because it can be compounded into an ointment that allows less frequent dos
dingslessinitidly then trifluridine

¢ VIG should be considered for use in severe ocular disease when keratitis is not present (e.g., severe blephar
blepharoconjunctivitis). Severe ocular disease is defined as marked hyperemia, edema, pustules, other focal les
lymphadenophy, cdlulitis, and fever. If kerditisis present with these conditions, consderation of possble VIG
weighed againg evidence in an anima modd for increased risk for corned scar formation if a substantid dosei
administered during multiple days.

o VIG can be consdered if the ocular disease is severe enough to pose a substantid risk of impaired vision as
outcome (e.g., vison-threatening lid maformation). If VIG isadministered specificaly to treat ocular diseasein
presence of keratitis, trestment usualy should be limited to 1 dose, and the patient or guardian should be inforn
possible risks and benefits before its use.

e Using VIG asrecommended to tregt other savere vacciniadisease (e.g., EV) isindicated, even in the preser
keratitis. VIG is not recommended for treating isolated keratitis.

o Topica ophthdmic antibacterias should be consdered for prophylaxis of bacterid infection in the presence
including if acorned ulcer is present or steroids are used. In severe cases of keratitis (e.g., with an ulcer and st
or infiltrate) and in iritis, topica steroids should be consdered after the corned epithelium is hedled to decrease
reaction; mydriatics are also indicated.

o Topicd steroids should not be used without ophthal mologic consultation and should not be used acutely with
antivird thergpy. Patients with ocular vacciniainfection, including with kerdtitis or iritis, should receive careful fc
evauation by an ophthalmologist to detect and trest possible late onset complications (e.g., scarring and immur
reactions).

Additiona data from anima and human clinica studies are needed to improve the evidence base and to refine
recommendations for ocular vaccinia disease. Physcians treating patients with ocular vacciniainfection are enc
enroll in studies designed to evduate the safety and efficacy of VIG and available antivird preparationsfor tred
ocular complications.

GV
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GV is characterized by a disseminated maculopapular or vesicular rash, frequently on an erythematous base, thi
occurs 6--9 days after firg-time vaccination (1,8). The rash spans the spectrum of vaccinid lesions, from mact
to vesicles. Maculopapules can be mistaken for EM when they are accompanied by a substantid component o
(9) (3. Michadl Lane, M.D., formerly Director, Smallpox Eradication Program, Communicable Disease Center
communication, 2002) (Figure 20). In other ingtances, the pearly vesicles of GV resemble the lesons of smdlp
however, GV does not follow the centrifugdl distribution thet is characteristic of smallpox (1) (Figure 21).

GV rash might be preceded by fever, but usudly, patients do not appear ill (Figure 22). Lesonsfollow the san
the vaccination Ste. Lesions can be present anywhere on the body, including the pams and soles and can be nt
limited. GV can gppear as aregiond form that is characterized by extensive satdllite vesiculation around the vax
dte, or as an eruption localized to abody part (e.g., am or leg), with no evidence of inadvertent inoculation (4,
23). A mild form of GV dso exists, which appears with only alimited number of scettered lesions.

The skinlesons of GV are believed to be spread by the hematogenous route (1) and might contain vaccinia vir
Therefore, contact precautions should be used when treating these patients. Patients should be ingtructed to ke
covered and avoid physica contact with othersif their lesions are too numerous to cover with bandages or clot
differentid diagnoss of GV includes EM, EV, inadvertent inoculation a multiple sites, and uncommonly, early ¢
PV or other vesicular diseases (e.g., disseminated herpes or severe chickenpox).

GV is Hf-limited among immunocompetent hosts. These patients appear well and do not require VIG, but mig
from smple supportive care measures (e.g., nongteroida anti-inflammatory agents [NSAIDS] and ora antiprur
might be beneficid in the rare case where an immunocompetent person gppears systemicaly ill. GV is often mx
among persons with an underlying immunodeficiency, and these patients might benefit from early intervention w

EV

EV isalocdized or generdized papular, vesicular, or pustular rash, which can occur anywhere on the body, wi
predilection for areas of previous atopic dermatitis lesons. Persons with a history of atopic dermétitis are a hic
EV. Onst of the characterigtic lesions can be noted either concurrently with or shortly after the development of
vaccinia lesons (1). EV cases resulting from secondary transmission usudly appeared with skin eruptions apprt
5--19 days after the suspected exposure (1,17) (Figures 24 and 25). EV lesions follow the same dermatol ogic
the vaccination dte in avaccinee, and confluent lesions can occur (Figure 26). The rash is often accompanied k
lymphadenopathy, and affected persons are systemicaly ill (43). EV tends to be more savere among fird-time
or unvaccinated contacts (12,44) (Figure 27).

Atopic dermatitis, regardless of disease severity or activity, isarisk factor for experiencing EV among either vi
their close contacts (21,22,44--46), but no data exist to predict the absolute risk for these persons. The mgorit
primary-care providers do not distinguish between eczema and atopic dermatitis when describing chronic exfoli
conditions, including among infants and young children (47,48). Anima studies demondrate that an immunol ogi
dysregulation predisposes persons affected with atopic dermatitis to disseminated progressive papular, vesicule
pustular lesons, even in intact skin (47).

EV can be associated with systemic illness that includes fever and maaise. Management includes hemodynami
(eg., asfor sepss) and meticulous skin care (e.g., asfor burn victims). Patients might require volume repletion
monitoring of eectrolytes asaresult of disruption of the dermad barrier. Patients with EV are a risk for second
bacterid and fungd infections of the lesons, and antibacterids and antifungals are indicated as necessary.
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One study determined that the mortaity from EV was reduced from 30%--40% to 7% after the introduction o
Therefore, establishing the diagnosis early not delaying trestment with VIG isimperative to reducing mortdity.
usudly severdy ill and can require multiple doses of VIG. Virus can be isolated from EV lesons, making these
highly infectious. Infection-control precautions should be used to prevent secondary transmission and nosocomi
@a7).

PV

PV (also referred to as vaccinia necrosum, vaccinia gangrenosa, prolonged vaccinia, and disseminated vaccini:
severe, and often lethal complication that occurs among persons with immunodeficiencies (43,49--51). This die
should be suspected if the initid vaccination lesion continues to progress without apparent healing >15 days afte
vaccindion (8). Anecdota experience suggests that, despite treatment with VIG, persons with cell-mediated irr
deficits have a poorer prognosis than those with humora deficits (1).

PV is characterized by painless progressive necrosis at the vaccination site with or without metastases to distar
skin, bones, and other viscera) (50) (Figure 28). The vaccination lesion does not hedl, presumably secondary t
immune derangement, and progresses to an ulcerative lesion, often with central necrosis (9) (Eigure 29). Initidl
no inflammation gppears a the site, and histopathology can reved absence of inflammatory cellsin the dermis (
the weeks that follow, patients might experience bacterid infection and sgns of inflammation (J. Michadl Lane,
formerly Director, Smallpox Eradication Program, Communicable Disease Center, persond communication, 2
1963 study, the mgjority of 66 casesinitialy reported to be PV were reclassified after follow-up as severe prin
major) reactions (22). Cases of severe mgjor reactions cleared within 1--2 weeks without VIG treatment (Eigu

31).

With PV, vacciniavirus continues to spreed locally and can metastasize to distant Sites through viremia (Figure
vacciniavirus can be isolated from the skin lesions of these patients. Infection-control precautions, which incluc
isolation, are required to avoid vaccinid infection of other persons and to limit risk for secondary infections.

The differential diagnosis of PV includes severe bacterid infection, severe chickenpox, other necrotic conditior
gangrene), and disseminated herpes smplex infections. Persons at highest risk for PV include those with conge
acquired immunodeficiencies, HIV/AIDS, cancer, and those on immunosuppressive therapies for organ transpl
autoimmune disease. The degree and type of immunocompromise probably correlates with the risk for PV, atr
protective level of cdlular count or humora immunity is unknown.

Before the introduction of VIG and early antivird medications, PV was universdly fatd (23); but after VIG wa
PV treatment, the surviva rate improved (9,13). Surgical debridement was used infrequently with variable suc
the primary progressive necrotic lesions of PV (V. Fulginiti, M.D., Universities of Arizona and Colorado, persc
communication, 2002). Management of PV should include aggressive therapy with VIG, intensve monitoring,
level supportive care. Despite advancesin medicd care, PV probably will continue to be associated with ahigr
rate.

Postvaccinial Central Nervous System Disease
Centrd nervous system (CNS) disease after smalpox vaccination is most common among infants aged <12 mx
adiagnogs of excluson (12). Clinica symptoms reflect cerebra or cerebellar dysfunction with heedache, fever,

atered mentd satus, lethargy, seizures, and coma (43). CNS lesions occur in the cerebrum, medulla, and spin
Lumbar puncture can revea an increased opening cerebra spina fluid (CSF) pressure, and examination of CS
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indicate monocytosis, lymphocytosis, and dlevated CSF protein (1,12,43).

Both PVE and PVEM have been described (1). PVE typicadly affects infants aged <2 years and reflects cereb
asaresult of vascular changes. Acute onset of symptoms occurs 6--10 days postvaccination and can include s
hemiplegia, gphasia, and trangent annesia. Associated histopathologica changes include generdized cerebrd €
lymphocytic menigined infiltration, widespread ganglion degenerative changes, and occasiondly, perivascular
hemorrhages. Petients can be left with cerebrd impairment and hemiplegia (1).

PVEM (or encephditis) affects persons aged >2 years and includes abrupt onset of fever, vomiting, headache,
and anorexia approximately 11--15 days after vaccination. Symptoms can progress to 10ss of consciousness, €
confusion, disorientation, restlessness, ddirium, drowsiness, seizures, and comawith incontinence or urinary rel
obstinate congtipation, and sometimes menigismus. CSF, dthough under increased pressure, reveals norma ch
and cdl count. Histopathologica features include perivenous demyeinaion and microglid proliferation in demy
areas with lymphocytic infiltration but limited cerebrd edema. These pathologica features are smilar to what is
other podtinfectious encephditides (1,53).

The gtrain of vacciniavirus used in smallpox vaccines might influence the frequency of PVE and PVEM (1). Re
on European data indicate generdly higher rates of PVE among persons vaccinated with non-NY CBOH drair
the United States, where the principa strain used was the NY CBOH, the occurrence of PVE or PVEM wast:
firg-time vaccinees (1,9,12).

Unrelated diseases that cause encepha omyditis or encephaopathy might be temporally related to smallpox va
(2). U.S. rates might include these unrdated events, artificidly increasing the rates of PVE/PVEM (1,9).

The pathophysiology of PVE/PVEM is not well understood, athough an autoimmune process has been hypoth
(53,54). Vaccinia virus has been isolated from CSF and CNS tissue of affected persons (12,53,55). The sgnit
this finding is unknown in the aosence of controlled trids that examine CSF of hedlthy vaccinees.

No clinicd criteria, radiographic findings, or |aboratory tests are specific for the diagnosis of PVE. PVE/PVEN
diagnoses of exclusion, and other infectious or toxic etiologies should be considered before making these diagr
past, recipients of the NY CBOH strain who experienced PVE or PVEM had a 15%--25% mortality rate, and
aurvivors were left with varying neurologica deficits (12).

No study has indicated that VI1G can be an effective thergpy for PVE or PVEM, and therefore, VIG is not rect
for trestment of PVE or PVEM. A prospective study of prophylactic use of VIG among Dutch army recruits
demondtrated reduced incidence of PV E among persons vaccinated with anon-NY CBOH drain (56). Thisle
adminigration of VIG in firg-time vaccinaions of adults in the Netherlands (57). However, the incidence of Pv
smdlpox vaccination with the NY CBOH drain islow (9); therefore, concomitant adminigtration of VIG a time
vaccination has never been recommended with the NY CBOH drain.

No specific therapy exigts for PVE or PVEM; however, supportive care, anticonvulsants, and intensive care m
required. Because the clinica symptoms of PVE or PVEM are not believed to be aresult of replicating vaccini.
role of antivirasis unclear.

Fetal Vaccinia

Fetal vaccinia, resulting from vaccinid transmission from mother to fetus, isarare, but serious, complication of

file//IF\Smdlpox\WebPage\Adverse Reactions\Smalpox Vaccination and Adverse Reactionshtm  2/5/2003



Smdllpox Vaccination and Adverse Reactions </P> Page 16 of 46

vaccination during pregnancy or shortly before conception; <50 cases have been reported in the literature (58-
vacciniais manifested by skin lesons and organ involvement, and often resultsin feta or neonatal desth (61). T
lesonsin the newborn infant are smilar to those of GV or PV and can be confluent and extensive (Figures 33 ¢
The number of affected pregnancies maintained until term islimited. Affected pregnancies have been reported ¢
women vaccinated in dl three trimesters, among firgt-time vaccinees as wdll asin those being revaccinated, and
nonvaccinated contacts of vaccinees (18,19). Because fetd vacciniais so rare, the frequency of, and risksfor, -
vaccinia cannot be reliably determined. Whether virus infects the fetus through blood or by direct contact with i
amniotic fluid is unknown. No known reliable intrauterine diagnogtic test is available to confirm fetd infection.

Apart from the characterigtic pattern of fetal vaccinia, smallpox vaccination of pregnant women has not been cle
associated with prematurity, low birth weight, and fetd loss. In addition, smallpox vaccine has not been demor
cause congenital malformeations (62--64).

VIG might be congdered for aviable infant born with lesions, dthough no data exist for determining the approy
dosage or estimating efficacy. If a pregnant woman is inadvertently vaccinated or if she becomes pregnant with
after vaccinia vaccination, she should be counsdled regarding the basis of concern for the fetus. However, giver
of congenitd vacciniaamong live-born infants, vaccination during pregnancy should not ordinarily be areason i
termination of pregnancy. No indication exigts for routine, prophylactic use of VIG for an unintentionaly vaccir
pregnant woman; however, V1G should not be withheld if a pregnant woman experiences a condition where V
needed (eg., EV). To expand understanding of therisk for fetal vaccinia and to document whether adverse pre
outcome might be associated with vaccination, CDC is establishing a prospective smalpox vaccination pregnar
(see Requests for Clinical Consultation and IND Thergpies and for Regigtries Enrollment).

Other Vaccine-Specific Adver se Events

Less frequently reported adverse events temporally associated with after smalpox vaccination include myocarc
pericarditis (65--70), precipitation of erythema nodosum leprosum or neuritis among leprosy patients (1), and
osteomydlitis (Sometimes confirmed by recovery of vacciniavirus) (1,71). Reported skin changes at the vaccin
have included maignant tumors (e.g., medanoma[8], discoid lupus [72], and locaized myxedema as a sympton
disease [ 73]). Reported neurologic complications after smalpox vaccination include transverse myelitis, seizure
polyneuritis, and brachid neuritis (53,74).

Whether these conditions are caused by smallpox vaccination or represent coincidental occurrences after vacc
unclear. Tempora association aone does not prove causation (75). Other unknown adverse events after small|
vaccination might yet be described. Determining causdlity of reported postvaccination events associated with a
vaccine is chalenging and requires careful weighing of al the scientific evidence, evauation of the quaity and o
of the data, and consideration of biologic plausibility of the association between the vaccination and the event (|
(76). Clinicians should report unexpected and clinically relevant adverse events after vaccination to the Vaccin
Event Reporting System (VAERS) and follow local, Sate, and territoria reporting requirements (see Smallpox
Event Reporting).

Revaccination of Persons with History of Adverse Events
Before the eradication of smallpox, clinicians were often faced with the decison of whether to revaccinate pers
had documented serious adverse reactions. One study recommended that persons with a history of postvaccini

disease (e.g., PYE/PVEM) or PV should not be revaccinated. Revaccination of children who had EV was not
contraindicated, athough it was recommended that they receive VIG concomitantly. Revaccination of children
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history of inadvertent inoculation or erythematous or urticariad rashes presented no known or theoretica risk (8

Persons with a history of an adverse reaction to smallpox vaccination that leads to deferra should not knowing
in agtuation where they might be exposed to smallpox. No absolute contraindications exist regarding vaccinatis
persons with high-risk exposures to smalpox; persons at greatest risk for experiencing serious vaccination com
are dso at grestest risk for death from smallpox. In this Situation, the benefits of smallpox vaccination probably
the risks for an adverse reaction from smalpox vaccine (6).

Prophylaxis for Persons at High Risk I nadvertently Exposed to Vaccinia Virus Either
Vaccination or Contact Transmission

Higtoricdly, VIG was administered prophylacticaly to persons at increased risk for vaccine-related adverse ev
required vaccinaion or who were inadvertently vaccinated (8). However, VIG adminigtration is not without ris
efficacy of VIG as aprophylactic againg vaccinid infection has not been studied in a controlled setting.

Until VIG isevauated for such use, VIG is not recommended for prophylaxis when persons with contraindicat
amallpox vaccination are inadvertently exposed to vaccinia and are otherwise well. Such persons should have c
clinica follow-up to ensure prompt diagnosis and trestment of an adverse event, if one occurs. Furthermore, in
absence of circulating smallpox virus, VIG is not recommended for concomitant use with smalpox vaccination
persons with contraindications. As recommended by ACIP, careful screening criteria should be used to exclud
with contraindications from preoutbreak smallpox vaccination programs (21).

To better understand the risks for vaccinia exposure among persons with contraindications to smallpox vaccine
plansto maintain a registry of inadvertent exposures among groups a high risk (e.g., vaccinee or contact with
dermatologic or pregnancy contradications). Clinicians are encouraged to report these casesto CDC so that p
treatment can be initiated when necessary, and patients can be followed by using a standardized protocol. Thes
be used to assess risk for experiencing an adverse event and the potentid role for prophylactic thergpy among
patients (see Requests for Clinical Consultation and IND Therapies and for Registries Enrollment).

Laboratory Diagnostics

Clinicd evduation and a careful patient history of recent smalpox vaccination or contact with a recent vaccine
maingtays of diagnosis of smalpox vaccine-related adverse events. In Stuations where clinical diagnodisis not
graightforward, laboratory diagnostics for vacciniamight be helpful and might prevent inappropriate use of pote
toxic therapies. However, diagnostics for conditions easily confused with vacciniainfection (i.e,, varicdla, herp
herpes smplex, and enteroviruses), should be considered firg, in particular for anonvaccinee or someone bdlit
noncontact of avaccinee.

Serologic testing for vacciniais probably uninformative because it cannot be used to digtinguish vacciniaimmuni
vacciniainfection unless basdine antibody titers are avallable. Diagnogtic tests for vacciniainclude eectron mic
identify presence of orthopoxvirus, and gene amplification (polymerase chain reaction [PCRY]), and vird culture
vaccinia Regarding vaccinia, these tests are available only for research purposes, but are undergoing multicente
studies that might enable FDA to gpprove the test reagents for diagnostic use. After that gpprovd, testing will |
available through the Laboratory Response Network (LRN) (77), an extensve system of public hedth and pri»
laboratories that can be accessed through consultation with state and local hedlth departments. Consultation reg
appropriate use of specidized vaccinialaboratory testing will be available through CDC.
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L aboratory Specimen Collection

A suspected case of an adverse event after smallpox vaccination should be promptly reported to the approprie
date, or territorid hedth department. When appropriate, public hedth officias might recommend that clinicd §
collected for further evauation of a possible case. Specimen collection guiddines are available at
http://Amww.bt.cdc.gov/agent/small pox/vacci nati on/vacci ni a-gpeci men-col lection.asp.

Treatments

VIG, cidofovir, and topica ophthamic antiviral drugs are among the therapies that can be used to treat advers
after smalpox vaccination. Ophthamic drugs are discussed sawherein this report (see Ocular Vaccinid Infe

Therapy).

VIG

VIG isaderile solution of the immunoglobulin fraction of plasma, containing antibodies to vacciniavirus from g
were vaccinated with smalpox vaccine. The available preparation of VIG isa previoudy licensed IM product |
(produced by Baxter Healthcare Corporation in 1994) containing 0.01% thimerosal (a mercury derivative) as:
preservative. Two new 1V preparations (VIGIV) are in production and do not contain thimerosal. All preparati
will be available as IND products through CDC and DaoD.

VIG has demondtrated efficacy in the treetment of smallpox vaccine adverse reactions that are secondary to co
vacciniavirus replication after vaccination (41,78). Such adverse reactionsinclude EV, PV, or vaccinia necrost
severe cases of GV. VIG has no proven effectiveness for postvaccinia centra nervous system disease.

VIG isrecommended for treating EV and PV. Because the mgority of cases of GV are sdf-limited, VIG isre
for treating GV only if the patient is serioudy ill or has serious underlying diseese that is arisk factor for acomp
vaccinaion (e.g., such immunocompromised conditions as HIV/AIDS). VIG can dso be ussful in tresting oculi
that results from inadvertent implantation. When ocular vacciniawith keratitisis present, consderation of VIG ¢
include the possible increased risk for cornedl scarring (see Ocular Vaccinia Infections and Therapy) (Box 2).

Side Effects

VIG adminigtration has been associated with mild, moderate, and severe adverse reactions. Mild adverse react
loca pain and tenderness, swelling, and erythema a the injection Ste after IM adminigtration of immunoglobulir
persst from hoursto 1--2 days after adminigtration.

Moderate adverse reactions include joint pain, diarrheg, dizziness, hyperkiness, drowsiness, pruritis, rash, pers
and vasodilation. Back and abdomina pain, nausea, and vomiting can occur within the first 10 minutes of inject
fever, headache, myagia, and fatigue can begin at the end of infusion and continue for hours. More severe reec
type might require pretrestment with corticosteroids or acetaminophen, if another dose of VIG isrequired.

Serious adverse events associated with administration of VIGIV are expected to be smilar to those observed
intravenous immune globulin (1IVIG) products, and can include hypotenson, angphylaxis and anaphylactoid sys
reactions, rend dysfunction, and aseptic meningitis syndrome (AMS). When AMS occurs, it usudly begins fror
hours to 2 days &fter trestment and can occur more frequently in association with high dosage (2 g/lkg body we
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therapy. It is characterized by severe headache, nuchd rigidity, drowsiness, fever, photophobia, painful eye mc
nausea, and vomiting. Discontinuation of 1VIG trestment has resulted in remisson of AMS within days without

Anagphylaxis and angphylactoid systemic reactions have been reported after IM or 1V injection of human immur
preparaions. The symptoms of classic anaphylactic reactions include flushing, facid swelling, dyspnea, cyanos
nausea, vomiting, malaise, hypotension, loss of consciousness, and in certain cases, death. Symptoms gppear fri
seconds to hours after infuson. The trestment of such reactions is immediate discontinuation of immune globulir
adminigtration of epinephrine, oxygen, antihistamines, IV steroids, and cardiorespiratory support.

When proteins prepared from human blood or plasma are administered, the potentia for transmission of infecti
cannot be totaly excluded. This aso applies to infectious agents that might not have been discovered or charac
when the current preparations of VIG were formulated. To reduce the risk of tranamitting infectious agents, stri
controls are applied in the selection of blood and plasma donors, and prescribed standards are used at plasma:
centers, testing laboratories, and fractionation facilities.

VIG Risksand Contraindications

Contraindications to V1G adminigration include an acute alergic reaction to thimerosa (for VIGIM) or ahistor
severe reaction after adminigtration of human immunoglobulin preparations. Persons with selective immunoglobl
deficiency might have antibodies to IgA and could have anaphylactic reactions to subsequent administration of
products that contain IgA. In arabbit model of vaccinia keratitis, substantial doses of V1G were associated wit
scarring (34) (see Ocular Vaccinia Infections and Therapy).

Whether VIG can cause fetd harm when administered to a pregnant woman or if it affects reproductive capacit
unknown. Although clinicd experience with other preparations containing immunoglobulins indicates that no fet
events result from immunoglobulins, no studies have evaluated the adverse effects of VIG on the fetus. VIG s
adminigtered to a pregnant woman only if clearly needed. Smilarly, whether VIG is excreted in breast milk isu
therefore, caution should be exercised when VIG is administered to a nursng woman.

VIG is made from human plasma; therefore, a possible risk of transmisson of viruses and a theoretica risk of
transmission-adventitious agents that can cause Creutzfel dt-Jacob disease exist. The risk that these products cc
infectious agents has been reduced by questioning plasma donors about risk factors for infection and by testing
presence of certain virusesin the plasma. Furthermore, manufacturing processes have been vaidated for their &
inactivate and remove viruses.

Administration

Detailed ingructions regarding the adminigtration of IM and IV VIG are included in the Investigator's Brochure
the IND materials that accompany the products. For treatment of vaccinid complications, the recommended d
VIGIM (16.5% solution) is 0.6 mL/kg body weight (100 mg/kg body weight). VIGIM isto be administered
intramuscularly, preferably in the buttock or the anterolateral aspect of the thigh. To reduce locd pain and disce
dividing the dose into smdler volumes to be administered by multiple injections might be necessary (79).

Because the concentration of the new VIGIV products differs from that of the IM preparation, clinicians shoul
the manufacturer's package insert, or IND protocol, for correct dosages. The dose for IV administration of VI(
range from 100 mg/kg body weight to 500 mg/kg body weight, depending on the VIGIV formulation.

Cidofovir
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Cidofovir (Vistide® Gilead Sciences, Foster City, California), a nucleotide anaogue of cytosine, has demonsti
antiviral activity againgt certain orthopoxviruses in cdl-based in vitro and anima modd studies (80--82). Its effe
the treatment of vaccinia-related complications among humansis unknown. Cidofovir has been demonstrated t
nephrotoxic among humans and carcinogenic among animals, even at low doses (Gilead Sciences. Cidofovir [F
insert]. Fogter City, CA: Gilead Sciences, Inc; 2000). It is administered with probenecid and hydration.

Cidofovir is approved by FDA for tresting CMV retinitis among patients with AIDS. Its use for tresting smdlp
vaccination complications is recommended only under IND protocol sponsored by CDC. ThisIND isaresear
to evduate the clinicd effect and outcomes of cidofovir as a secondary trestment of vaccinia-related complicati
not respond to VIG treatment. CDC will supply cidofovir a no cost for use under this IND protocol.

Cidaofovir will be rdleased for civilian use by CDC and for military use by DaD, if 1) a patient falls to respond t
trestment; 2) a patient is near desth; or 3) dl inventories of VI1G have been exhausted. This proposed use of cic
investigationa and has not been studied among humans, therefore, the benefit of cidofovir therapy for vaccinia
complicationsis uncertain. Insufficient information exists to determine the appropriate dosing and accompanyin
and dosing of probenecid if antiviral therapy is needed to treat smallpox vaccine-related adverse events among
pediatric age group. Dosages for these patients should be determined in consultation with specidistsat CDC a
Additiona information regarding dosing and adminisiration of cidofovir isincluded in the Investigator's Brochur
accompanies the release of this product to the clinician when cidofovir is used under the IND protocol.

Side Effects

The mgor complication of cidofovir therapy isrend toxicity, which is sometimesirreversible, resultsin rend fa
requires dialyss to prevent desth. To reduce the rend toxicity of cidofovir, it must be administered with careful
hydration and with probenecid, arena tubular blocking agent. Cidofovir has dso been associated with neutrog
proteinuria, decreased intraocular pressure/ocular hypotony, anterior uveitigiiritis, and metabolic acidosis. Cido
related carcinogenicity, teratogenicity, and hypospermia have been reported in anima studies. Mammary aden
developed in rats exposed to 0.04 times the human exposure at the dose used in clinica practice on the basis ¢
under-the-curve comparisons (Gilead Sciences, Inc. Cidofovir [Package insert]. Foster City, CA: Gilead Scier
2000).

Probenecid has been associated with headache, anorexia, nausea, vomiting, urinary frequency, hypersenstivity
anemia, hemolytic anemia, nephritic syndrome, hepatic necrosi's, gout, uric acid stones, and rend colic. Proben
be used with caution among children, pregnant women and persons with sulfa drug adlergy (see manufacturer's
insert).

Administration

Detalls for adminigtration of cidofovir are included with the medication and IND materids that are shipped by (
proposed dose of cidofovir for trestment of vaccinia complicationsis 5 mg/kg body weight administered intrave
onetime, during a 60-minute period. A second dose 1 week later should be considered if no response occurst
dose. Dose adjustment might be needed to compensate for decreased excretion caused by rena dysfunction if
dose is needed. Adminigtration procedures include assessment of rend function and use of saline hydration, an
probenecid, before and after cidofovir, according to the regimen specified in the IND protocol (and in the pack
for treetment of CMYV retinitis). Patients who receive cidofovir should be followed closdly, both for drug toxicit
the outcome of their serious adverse reaction. IND protocols require vira cultures to monitor for emerging vire
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to cidofovir. The protocol materias will be supplied to facilitate monitoring and information collection. Long-ter
up is required under the IND protocol to monitor for carcinogenicity, rend insufficiency, and teratogenicity.

Requests for Clinical Consultation and IND Therapies and for Registries Enrollr

In October 2002, ACIP recommended that enhanced terrorism preparedness should include vaccination of sm
public health response and hedlth-care teams (21). Implementation of this vaccination program was determine
responsibility of the states and territories in conjunction with loca predesignated hospitals. Before participation
vaccination program, states and territories should establish a comprehensive program to manage vaccinees and
contacts who experience an adverse event after smalpox vaccination. Hospitals that participate should assign ¢
with expertise in infectious diseases, neurology, dermatology, alergy/immunology, and ophthalmology to asses
manage adverse events among vaccinees and their contacts. Vaccinees and their affected contacts should have
evauation and medica care for a suspected adverse event 24 hours/day and 7 days/week. CDC will providec
to state and territorid public hedth officids, their surrogate providers, and other requesting physicians regarding
recognition, evaluation, diagnog's, and trestment of adverse events after smallpox vaccination through an inform
for clinicians that will be affed 24 hours/day, 7 days/week. In addition, CDC will provide consultation for eva
care of persons with contraindications to smalpox vaccination that have an inadvertent exposure to vaccinia vil
vaccination of a pregnant woman or a person with atopic dermétitis). These persons aso will be enrolled inav.

registry for prospective follow-up.

Referring providers should complete athorough vaccination history and physicad examination on dl patients wit
suspected adverse event before accessng CDC's Clinician Information Line. In addition, high-resolution digital
photographs of dermatological manifestations of adverse events can aid in the recognition of specific dermatolo
manifestations of adverse events and should be obtained with the patient's permission and forwarded wheneve
Providers seeking assstance should first contact their state health department before accessing the CDC consul
service or requesting VIG or cidofovir (Box 3).

To ad providersin discerning the presence or severity of vaccine-reated complications, CDC has developed 0
evauation toolsto assst with expected adverse events. These clinica evaluation tools are available a
http://mww.bt.cdc.gov/agent/small pox/vaccination/clineval; this website will be updated as additiond informatic
available. Feedback regarding the utility of these clinical evaluation tools is requested and can be submitted by -
spoxtool @cdc.gov. In addition, CDC and other U.S. Department of Hedlth and Human Services agencies will
datarelated to the frequency of smallpox vaccine adverse events and the clinica outcome of affected persons.
will provide an update concerning the medical risks associated with smalpox vaccination and the efficacy and <
INDs used in the treatment of adverse events.

Smallpox Vaccine Adver se Event Reporting

Providers are strongly encouraged to report serious adverse eventsto VAERS &fter the administration of the s
vaccine (Box 4). VAERS is a passve reporting system for safety monitoring of al vaccines licensed in the Uni
and isjointly managed by CDC and FDA. CDC and FDA will monitor smallpox vaccine-related adverse ever
daily, and will provide enhanced surveillance of adverse events after administration of the smalpox vaccine. He
adverse events that are judged to be serious or unexpected and which require CDC consultation or IND therg
or cidofovir) should not be solely reported to VAERS. These cases should instead be immediately reported by
the appropriate state health department officias and CDC, who will assist the reporting provider with completic
VAERS form. All other smallpox vaccine adverse events that are serious, but do not require CDC consultatior
adminigtration of IND therapies, should be reported directly to VAERS within 48 hours of recognition. All oth
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events should be directly reported to VAERS within 1 week (Box 4).
Additional Information

CDC, in collaboration with the U.S. Department of Health and Human Services, has developed awebsite, whi
avallable a http://mww.bt.cdc.gov/training/small poxvaccine/reactions. Information and photographs related to <
vaccination, normal vaccination reactions, adverse events after vaccination, and treatments for adverse reactior
located at this website.
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* An adverse reaction is an untoward effect that occurs after a vaccination and is extraneous to the vaccine's pr
purpose of producing immunity. Adverse reactions have been demondtrated to be caused by the vaccination. £
reactions also are referred to as vaccine Sde effects or complications. In contrast, adverse events are untowarc
observed or reported after vaccinations, but a causal relation between the two have yet to be established. Ther
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Tablel

ACIP
AMS
CMV
CNS
CSF
DoD
EM
EV
FDA
GV

HIV/AIDS

IDU
IgA

IM

IND

v

IVIG
LRN
NIAID
NSAIDS
NPS
NYCBOH
PCR

FJ\/

PVE
PVEM
RTs
SISS
VAERS
VIG
VIGIM
VIGIV
WHO

Advisory Committee on Immunization Practices
aseptic meningitis syndrome
cytomegdovirus

central nervous system

cerebra spind fluid

U.S. Department of Defense
eythemamultiforme

eczema vaccinatum

Food and Drug Adminigtration
generdized vaccinia

human immunodeficiency virusacquired
immunodeficiency syndrome
idoxuridine

immunoglobulin A

intramuscular

Investigational New Drug

intravenous

intravenous immune globulin
Laboratory Response Network
Nationa Indtitute of Allergy and Infectious Diseases
nongteroida anti-inflammetory agents
Nationa Pharmaceutical Stockpile
New York City Board of Hedlth
polymerase chain reaction

progressve vaccinia

postvaccinid encepha opathy
postvaccinid encephdomyditis

robust takes

tevens-Johnson syndrome

Vaccine Adverse Event Reporting System
vacaniaimmune globulin

intramuscular vacciniaimmune globulin
Intravenous vacciniaimmune globulin
World Health Organziation
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TABLE 1. Smallpox vaccine adverse event rates (number per million vaceinees) — United States, 1968

MNational survey 10-state survey
All primary All primary
(i.e., first-time) Vaccinees {l.e., first-time) Vac
vaccinees aged =1 yr vaccinees age
Serious, but not life-threatening reactions
Inadvertant inoculation 254 271 £2g.2
Generalized vaccinia 234 177 241.5
Erythema muliiforme WA MAa 164.6
Total number of serious, but not life-threatening reactions 48.8 935.3
Life-threatening reactions
Postvaccinal encephalitisfencephalomyelitis 29 2.4 12.3
Progressive vaccinia (vaccinia nacrosum) 0.8 1.0 1.5
Eczama vaccinatum 104 10.6 385
Total number of life-threatening reactions 14.2 52.3
Deaths 1.1 0.6 1.5
* Mot availlable.
Mone reportad.

Source: CDC. Smallpox adverse event rates, 1968, Atlanta, GA: US Department of Health and Human Services, CDC, 2002 Available at http:/fiwa
agent/smallpoxivaccine-safety/adverse-avents-chart asp.

Return to top.
Figurel

FIGURE 1. Expected smallpox vaccination-site reaction {i.e.,
a take) in a first-time vaccines, demonstrating the progression
from papule (day 4) to pustule (days 7-14), to scab (day 21)

Dy 4 Diary T
Day 14 Dy

Source: CDC.
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Box 1

- UL LVLIIL IUUMD UL LA L AUV UL UL VAU LUt
tive rechallenge); or

* a controlled clinical trial or epidemiologic study dem-
onstrates greater risk for a specific adverse event among

vaccinated versus unvaccinated (control) groups.

* Source: Iskander JK, Miller ER, Pless RF, Chen RT. Vaccine safety post-
marketing surveillance: the Vaccine Adverse Event Reporting System. US
Department of Health and Human Services, CDC, National Immunization
Program. Available at http://www.cde.gov/nip/vncsaftVAERS/CME-post-
mktg-san.pdf.
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BOX 1. Evaluating side effects after vaccination: temporal

versus causal associations*

readily if

is known:

An adverse event can be causally attributed to vaccine more

* the exact chronology of vaccination and adverse event

the adverse event corresponds to those previously
associated with a particular vaccine;

the event conforms to a specific clinical syndrome whose
association with vaccination has strong biologic plausi-
bility (e.g., anaphylaxis);

a laboratory result confirms the association (e.g., isola-
tion of vaccine-strain varicella vaccine from skin lesions

of a patient with rash);

Return to top.

Table2

Mo inflammation initialky

Absence of inflammatory cells on histopathological
examination

Inflammation woeks latar

Bacterial infection might devalop

Dittarantial diagnosis: sevara bacterial ntaclion,
severs chickenpox, disseminaled herpes simplex,
and other necrolic condilions

Prognosis: poor, despile therapy

Postvaccinial Diagnosis of axclusion

ancephalitis (PVE) or Appaars similar 1o postinectious encephalomyelitis ar
ancephalomyalitis toxic encephalopathy caised by athar agants
(EVEM) Abrupl anset of symploms: lever, headache, malaiss,
lethargy, vomiling, meningeal signs, saizures,
paralysis, drowsiness, allered mental status, o coma
Age =2 years (encephalopalhy): cersbral vascular
changes occurring 6-10 days pastvaceination

Age =P vears (ancephalomyelilis): demyalinating
changes occurring 11-15 days pestvactination
Cerabral spinal fid (C5F): normal o nonspecific;
monocylosis, ymphocylosis, or alevalad profsin
Prognosis: moralily, 25%; neurological sequelas,
PR complels recovery, 0%

Fatal vaccinia (FV) Incidence: rare (=50 rapartad casas)
Route ol transmission: unknown
Outcomes: prematurs birth, fatal lass, high maorality

Mol associaled wilh congenilal anomalies

Generalized vaceinia
(GV)

Mamlopapular or vasicular rash

Onsel: -9 days postvaceination

Mortaxle, with of without Tever

Dittarential diagnosis: endhema mulliferme (EM),
varicella, inadvartant inoculation, prograssive vaccinia
(W), and smalipax

& tha orrans vamaes am sandesinioeearine Al elhasmnnioa fanes

{AIDS), severe combined
immumnodeficiency syndrame
(SCIDS), or
hypoganmmaglobidinamia)

+ Protactive kevel of T-cell count or

hurmoral immunity unknosn

+ Aga <1 year

+ Cases in all imasters of
pregnancy
+ Grealast risk, third limeslar

+ Hamatogenous spread

+ Lesions contain vaccinia

+ Mora seHous among
immunccompromised persens
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tharapy)

+ Surgical debridameant of
prograssive nacrolic las
il proven useul

+ Inlersive supporive car

+ Anlicorwulsants as naat

* VIG nol recammandad

« Antiviral role unclear

+ Usa of madarn imaging
sludies has nol been
evaluated

+ Elficacy al VIG unkpowe
= Anlivirals nol recommer

+ Usually sall-limited in
immunocompetant pars

+ Inbaction-control precadil

= VIG usually not indicate

= Anti<inflammaltory medic
lions

+ Antipruritic medications

« Anlivirals usually not
indicatad

" Seea lex lor datails,
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TAEBLE 2. Summary of vaccinia-related adverse events™

Adverse event Description Risk factor or predisposition Treatment
Eczama vaccinalim * High lever » History of eczema or alopic + Prompl avaluation arnd
(EV) « Ganaralized lymphadanopathy with extensive dermalifis irrespective of dissase  diagnosis
vasicular and pustular sruption aclivity or savarily + Infaction-control precau
« Omsel: concurrantly of shorlly atter local vaccinial » Less fraguently, persons without a = Mighl requilre multipls d
lesion in vaceines, or in contacts, 5-19 days aller history of darmalological of vaccinia immuna glot
suspactad exposure condilians (VIG) (cidatovir, second
* Risk lor secondary bacteral or fungal infections tharapy)
* Virus recoverad from lasions + Hamodynamic suppor
« High marality rate with poor proginosks + Volume and alectrolyle
rapletion
+ Obsarva lor secondary
infactions
Progressive vaccinia = Noenhsaling vaccination site » Hurmoral and callular + Prompl avaluation ard
(V) * Painless prograssive (conlral) necrosis at tha immimnoeampromiss (e.q., diagnosis
vaccination site malignancy, human immunodali- — + Infection-control precaul
« Decasional melastatic lesions in skin, bones, and clancy virus (HIVyacquired + Might require multipls d
viscara immunodeficiency syndrame of VIG (cidolovir second
psoHasis) suface invohwed or sew
ocular dissasa (cidolay
secandding tharapy)
Ocular vaccinia Karalilis « Marginal infiltration or * Manipulation of vaccination sils, + Ophihalmaologic consull
Inadveram wceration with or without fodlowad by eye rubbing + Cerain ophithalmalogis
parocular or acular stromal hazalinhitralion = Mare Ekaely with conditions that consider olldabal topic
implantation with causa eye ilching and scratching anfiviral medicalions
vaceinia virs [conjunclivitis, cornaal abrasion + Topical prophylactic
Can range tram mild ulcaration) antibacterial meodicatios
1o severs Conjunclivilis + Hyparamia, edama, lar Keratitis
refmbranes, local lesions, « VG tor sevene blaphar
fevar, lymphadenopatty and blepharoconjunciv
{withoul keratilis)
« VG not indicated lor
Blapharilis * Lid pusiules an or near he Isolaled Keralilis
lid margin, adama, « VG considened lor ket
hyperemia, lymphadenopa- with vislcr-threatening
thy, callulitis, faver condilions
« VG indicated Tor kerali
with lile-thraataning
conditions thal redguira
Erythema mullilarme + Typical bull's eye (targel) lesions * Mo known risk lactors + Anlipruritic madications
(EM) and Stavans- » Hyparsansilivity reaction « VIG net indicated
Jahnson Syndromea = Prurilis * Hospilalization and
(SS) = Onsel: 10 days posvaceination supportive care tar SJs
« Can prograss 1o 5JS « Staroid use lor 55 is
conlroversial
Pyogenic infections of = Uncommon * Mors Iragquent in children (louching = Gram stain
vaccination site « Ongel: 5 days postvaccination vaccination sita) + Baclerial cullure
= Favar nol spacilic for bacterial infection = Anlibactaral medicatio
* Flucluance al vaccinalion sita clinically indicatad
+ Mo topical madications
Raobus! taks (AT} = =7.5 cm with swalling, warmith, and pain at = Might be mare likely among flirst- = Obsarvation maost imps
vaccinalion sila lima vacciness = Anlibactedal madicalio
+ Fluctuant lymph nades nol expectad ral indicaled
* Peak symploms: 8-10 days postvaccination + Fest affected Emb
+ Monprograssive + Anlipruritic madication:
+ Improvemsant in 24-72 hours + Anfidnflammatory medic:
+ Mo salvas of cintmarits
Tapa adhesive = Sharply demarcatad raised lines of » Sensilivily to adhasives = Mo salvas, oimmants, ¢
reaclions arylhama that correspond 1o adhesive topicalioral steroids
placemanit + Frequent bandage chal
+ Local prurilis + Pariodic bandage ramc

* Mo systamic illnass

" Seo tex lor details.
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TABLE 2. (Continued) Summary of vaccinia-related adverse events”

Adverse event Descriplion Risk factor or predisposilion Trealmanl
Inadwartent inoculation  + Mosl common complication « Manipulation of vaccination sile = Llsually salf-Emited
= Physical translar of vaccinia virus Irom a + Childran aged <4 years = Rasolulion in 3 waaks
vaccinalion sile lo second site on tha « Condiions thal disrupl tha epidermis  « Infaction-control pracau
warrines aor o a cdnsa contact Al vancinaa fan kirms savans acna or = WG I avtansiva Biody
Return to top.
Figure2

FIGURE 2. Normal smallpox vaccination reaction (day 7
postvaccination)

e Iy
{1tk ne: I

Source: Reproduced with permission of Stephen B Heyse, M.D., Mational
Institutes of Health.

Return to top.

Box 2

immune globulin for treatment of smallpox vaccine-related
adverse events

Recommended

* Inadvertent inoculation (severe as a result of number of
lesions, toxicity of affected person or substantal pain)

* Eczema vaccinatum

* Generalized vaccinia (severe form or if underlying

illness)

* Progressive vaccinia

Not recommended

* Inadvertent inoculation (not severe)

* Generalized vaccinia (mild or limited — the majority
of instances)

* Nonspecific rashes, erythema multiforme, or Stevens-
Johnson syndrome

* Postvaccinial encephalitis or postvaccinial
encephalomyeliis

Considered

* Severe ocular complications (except isolated keracitis)
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BOX 2. Summary of recommendations for usina vaccinia
Return to top.

Figure3

FIGURE 3. Normal smallpox vaccination reaction (day 12),
indicating heaped up border with pustule drying from center
outward
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Source: Reproduced with parmission of Stephan B Heyse, M.DC., Mational
Institutes of Health.

Mote: Vaccination rear::t'ﬁns among vaccinia-naive volunteers in a clinical
study of diluted Dryvax smallpox vaccine; volunteers were enrolled at
the NIAID-supported Vaccing Treatment and Evaluation Units at Saint Louis
University, University of Maryland, and University of Hochester, and the
Respiratory Pathogens Unit at Baylor College of Medicing in 2001.

Return to top.

Box 3

BOX 3. Contact information for requesting vaccinia immune
globulin or cidofovir

Physicians at civilian medical facilities may request
vaccinia immune globulin (VIG) or cidofovir by call-
ing CDC’s Smallpox Vaccinee Adverse Events Clini-
cian Information Line at 877-554-4625. Physicians at
military medical facilities may request VIG or cidofovir
by calling the U.S. Army Medical Research Institute of
Infectious Diseases (USAMRIID) at 301-619-2257 or
888-USA-RIID.

Return to top.

Figure4
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FIGURE 4. Example of a major reaction (i.e., a take) in a first-time smallpox vaccinee at 6 (left), 10 (middle), and 15 1
postvaccination
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Source: Reproduced with permission of Stephen P Heyse, M.Dv, National Institutes of Health.
Note: Vaccination reactions in vaccinia-nalve and previously uacclnalad volunteers in a clinical study of diluted Drwax smallpox vaccine; vl
enrolled at the NIAID-supported Vaccine Treatment and Evaluation Unit at Saint Louis University in 2002,

Return to top.

Box 4

BOX 4. Reporting smallpox vaccine-related adverse events
to the Vaccine Adverse Event Reporting System (VAERS)

Secure Internet-based VAERS reporting is available
at hups://secure.vaers.org/VaersDataEntryintro.hem,
Printable VAERS forms are located online at heep://
www.vacrs.org/pdf/vaers_form.pdf. Completed forms
can be faxed to 877-721-03606 (toll free) or mailed to
PO. Box 1100, Rockville, MDD 20894-1100. Additional
assistance with completing forms is available at
800-822-7967 or by e-mail at info@vaers.org.

Return to top.

Figure5
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Source: Reproduced with permission of Stephan P Haysae, M.D., National [natitutes of Health.
Note: Vaccination reactions in vaccinia-nalve and previcusly vaccinated volunteers in a clinical study of diluted Drwax smallpox vaccine; vol
antalled at the NIAID-supported Vaccine Treatment and Evaluation Unit at Saint Louis University in 2002,
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FIGURE 5. Example of a major reaction in a smallpox revaccinee at 4 (top left), 8 {top middle), 10 (top right), and 15 (k
days postvaccination, in contrast with an equivocal reaction (nontake) in a first-time vaccinee (bottom right)
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Figure 6

FIGURE 6. Examples of satellite lesions: (left) satellite lesions
in a vacecination-naive patient at day 7 postvaccination; (right)
additional satellite lesions

Sources: Reproduced with permission of Stephen P. Hayse, M.D., National
Institutes of Health.
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Figure7

FIGURE 7. (Left) Robust take with lymphangitis; extensive
erythema and induration with a linear streak posteriorly on
day 9. (Right) Same patient—full view indicating vaccination site

Sources: {Left) Reproduced with permission of the Massachusetts Medical
Society, ©2002; (right) National Institutes of Health.
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Figure8
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FIGURE 8. (Left) Robust take; note the extensive area of
erythema. (Right} In contrast, note the impetignous changes
associated with the uncommeon bacterial infection of the

vaccination site

iy

Sources: (Left) Naticnal Institutes of Health; (right) V. Fulginiti, M.D.; digital
enhancement: ElLogical Images.

Mote: Vaccination rean:Iitan amang vaccinia-naive volunteers in a clinical
study of diluted Dryvax  smallpox vaccine: volunteers were enrolled at
the NIAID-supported Vaccine Treatment and Evaluation Units at Saint Louis
University, University of Maryland, and University of Rochester, and the
Respiratory Pathogens Unit at Baylor College of Medicine in 2001.
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Figure9

FIGURE 9. Erythema as a result of irritation from adhesive
dressing on postvaccination day 7, two different vaccinia-
naive volunteers; (left) volunteer 1; (right) volunteer 2

Source: Reproduced with permission of Steghen B Heyse, M.D., Maticnal
Institutes of Health.

Mote: Vaccination mamEns among vaccinia-nalve volunteers in a clinical
study of diluted Dryvax smallpox vaccine, voluntears were anrolled at
thie MlAID-supported Vaccine Treatment and Evaluation Units at Saint Louis
University, University of Maryland, and University of Rochester, and the
Respiratory Pathogens Unit at Baylor College of Medicine in 2004
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Figure 10
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Source: Reproduced with parmizsion of Stephen P Heyse, M_D., Maticnal
Institutes of Health.

Note: Vaccination mamiEns among vaccinia-naive voluntears in a clinical
study of diluted Dryvax™ smallpox vaccine; volunteers were enrclled at
the NIAID-supported Vaccine Treatment and Evaluation Units at Saint Louis
University, University of Maryland, University of Rochester, and the
Respiratory Pathogens Unit at Baylor College of Medicine in 2001.
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FIGURE 10. Vesicle at the edge of an adhesive dressing; viral
culture did not detect the presence of vaccinia virus, and the
lesions did progress to a pustular stage; these lesions appear
to be a secondary reaction to the dressing

Return to top.

Figurell

FIGURE 11. Examples of nonspecific rashes; (left) an infant
aged 14 months with a vaccination site on the small of his
back; he has extensive erythematous patches over his entire
body, except for relative sparing of the soles of the feet. (Right)
Nonspecific maculopapular rash in a first-time vaccinee

Sources: (Loft) Reproduced with permiszion of J. Michael Lana, M.D.;
{right) Reproduced with permission of Stephen B Hayse, M.D., Maticnal
Institutes of Health.

Note: (Right) Vaccination raaﬂinns among vaccinia-nalive volunteers ina
clinical study of diluted Dryvax armallpox vaccing; volumtears ware enrclled
at the MIAID-supported Vaccineg Treatment and Evaluation Units at Saint
Louis University, University of Maryland, and University of Rochester, and
the Respiratory Pathogens Unit at Baylor College of Medicine in 2001.
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Figure 12

FIGURE 12. Hallmark bull's eye lesion of erythema multiforme
above the ankle on day 8 postvaccination

Source: Reproduced with permission of the Massachusetts Madical
Sociely, ©2002.
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Figure 13

FIGURE 13. Stevens-Johnson Syndrome approximately 2
weeks after vaccination of an infant aged 8 months; lesions
are raised, circinate, and widespread

Source: Reproduced with permission of J. Michael Lane, M.D.
Return to tOQ.

Figure 14

FIGURE 14. (Left) Child aged 6 years with multiple inadvertent
inoculation sites on face, which later healed without scarring.
(Right) Child aged 5 years with inadvertent inoculation to
bilateral lower eyelid; typical vaccinia lesions are visible

Source: Reproduced with permizsion of J. Michael Lane, M.D.
Return to top.

Figure 15

ey Lo+ R
Source: Haproducad with parmission of J. Michaal Lans, M.D
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FIGURE 15. (Top left) Palpebral autcinocuation in contact of a
vaccinee. This and the next three figures demonstrate the
progression and residue of severe palpebral vaccinia. This
male, aged 2 years, acquired vaccinia from his mother who
was vaccinated 12 days before his ocular vaccinia became
apparent. He was hospitalized for 9 days and treated with
vaccinia immune globulin (photograph was taken 4 days after
onset of his vaccinia). (Top right) Demonstrates considerable
resolution and beginning scarring of the eyelids (photograph
was taken B8 days after onset). (Bottom left) Mote the loss of
eyelashes and the rolled-up lid margins (photograph was taken
2 weeks after onset). (Bottom right) Same child’'s normal
contralateral eye with sharp lid margins and normal eyelashes

Return to top.

Figure 16

FIGURE 16. (Left) Acute blepharoconjunctivitis in a male aged
22 years; (right) healing blepharoconjunctivitis 14 days later

Source: Reprudu:ed wilh permlsslan al ha American Joumal ol
Ophithalmaoloay (Photoaraphs by Deborah Pavan-Langston, M.D.)

Return to top.

Figure 17

FIGURE 17. Acute vaccinial corneal ulcer (keratitis)

Source: Raproducad with permission ol tha Amearican Joumal of
Ophthalmology {Photographs by Deborah Pavan-Langston, M.D)

Return to top.

Figure 18
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FIGURE 18. Residual vaccinial corneal scarring and low-grade
immune keratitis (inflammation of the cornea)

Source: Repmduced wilh permlsslnn al tha Amearican Joumal of
Ophthalmology (Phaotoaraphs by Deborah Pavan-Langston, M.D.)
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Figure 19

FIGURE 19. (Left) Severe vaccinial blepharoconjunctivitis;
(right) same eye indicating healing vaccinial blepharoconjunc-
tivitis on day 10

A

Source: Heproducad with permission of tha American Joumal of
Ophthalmetogy (Photoaraphs by Deborah Pavan-Langston, M.D.)
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Figure 20

FIGURE 20. Generalized vaccinia with a substantial
erythematous base in an infant; note the vaccination site at
the left axilla and the apparently well child

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 21
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FIGURE 21.The lesions of generalized vaccinia can be difficult
to distinguish from variola (smallpox) infection; generalized
vaccinia does not follow the centrifugal distribution that is

characteristic of smallpox lesions

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 22

FIGURE 22. Generalized vaccinia in an apparently normal
child; the child recovered without sequelae

Source: CDC (photo used previously courtesy of John M. Leedom, M.D.)
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Figure 23

Source: Reproduced with permission of J. Michael Lane, M.D.
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FIGURE 23. Regional generalized vaccinia characterized by
an extensive halo of vesiculation around the vaccination site.
This differs from satellite lesions because of the number and
extent of vesiculation

R
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Figure24

FIGURE 24. (Top left) A woman aged 22 years with eczema
vaccinia acquired from a close contact. She became critically
ill, with nearly total involvement of her body, and required
thiosemicarbazones, as well as substantial doses of vaccinia
immune globulin; (right) side view; (bottom left) residual
scarring after resolution of systemic illness

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure25

FIGURE 25. (Left) Face of a previously unvaccinated woman,
aged 27 years, with moderately severe eczema vaccinatum 8
days after vaccination. The lesions with confluence and
umbilication are typical of vaccinia. (Middle) Three days later,
immediately after initiation of treatment with vaccinia immune
globulin (VIG). She has marked edema of the face, exudation,
crusting, and confluence of the lesions. (Right) Fourteen days
after vaccination and 3 days after treatment with VIG, with
marked resolution of her lesions and limited pitting and
scarring

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 26

contact. Sne was extremely 1l and nospitalized 1or 2 weeks.
The lesions indicated typical umbilication and developed
similarly to the lesions of normal primary vaccination. Despite
vigorous therapy with vaccinia immune globulin and careful
fluid and electrolyte balance, she had extensive residual
scarring after recovering

l,.. ) L
L

Source: Reproduced with permission of J. Michael Lane, M.D.
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FIGURE 26. Lesions of eczema vaccinatum in a girl, aged 3
years, who acquired vaccinia from a recently vaccinated close

Return‘to t-opf

Figure 27

FIGURE 27. Severe eczema vaccinatum in a male, aged 13
months, who acquired vaccinia from a recently vaccinated
contact. He died despite treatment with vaccinia immune
globulin, steroids, transfusions, and antibiotics

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 28

FIGURE 28. Male with progressive vaccinia; note the extensive
involvement with minimal inflammation
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Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 29
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FIGURE 29. Mild and nonfatal atypical case of vaccinia
necrosum in a male, aged 64 years, who had a reduction of
immunoglobulin G, A, and M, with a lymphoma. In addition to
the large, necrotic vaccination site, he had a metastatic lesion
on his wrist. His lesions healed after a 2-month course and
extensive therapy with vaccinia immune globulin

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure30

IMESLEREN 1Ur Progressive vaceinia (i will i@arge uicer dai
the vaccination site, 9 days after vaccination). The lesion is
larger than the majority of cases of progressive vaccinia at 9
days. It is distinguished by the well-demarcated, heaped up
inflamed border, and extensive surrounding areas of redness
and tenderness, and should not be confused with indolent
painless early progressive vaccinia

Source: Reproduced with permission of J. Michael Lane, M.D.
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FIGURE 30. Enlarged vaccination site that should not be
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Figure 31

FIGURE 31. Ulceration of vaccination site, not to be mistaken
for progressive vaccinia (unusually severe ulcer after first-
time vaccination). This lesion is well-circumscribed and does
not have vaccinial vesicles at its margin. Of importance is
that this patient did not have an underlying immunologic
disease

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 32

on her face, neck, and chest and the progression of the
vaccination site

Source: Reproduced with permission of J. Michael Lane, M.D.
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FIGURE 32. Progressive vaccinia in a woman, aged 62 years,
with chronic lymphocytic leukemia. Note the distant lesions
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Figure 33

FIGURE 33. Fetal vaccinia in a premature infant, 28 week’s
gestation. Mother received vaccination at 23 week’s gestation.
The infant died at age 8 days, and vaccinia was isolated from

the placenta

Source: Reproduced with permission of J. Michael Lane, M.D.
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Figure 34

FIGURE 34. Fetal vaccinia scars in an otherwise healthy infant
who was born at approximately 32 week’s gestation.The child
did well, and reports indicated normal development. Mother
was vaccinated at 2 month’'s gestation

Source: Reproduced with permission of J. Michael Lane, M.D.
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